Abstract. Fat tissue is viewed as an active endocrine organ that secretes a variety of bioactive substances. Resistin, an adipocyte-secreted factor, is thought to be closely related to obesity, insulin resistance and inflammation, the three most significant risk factors for the progression of pancreatic cancer. However, the association between resistin and pancreatic cancer is still unknown. In this study, pancreatic tumor samples from 45 patients with pancreatic ductal adenocarcinoma were analyzed with immunohistochemistry for the expression of resistin. The correlation between resistin expression and clinicopathological features and prognosis were evaluated. Resistin staining was observed in 48.9% (22 of 45) of the cases. Resistin expression was more frequent in poorly differentiated tumors (9 of 9, 100%) compared to moderately differentiated tumors (11 of 28, 39.3%) and welldifferentiated tumors (2 of 8, 25%) (p<0.01). The incidence of resistin expression in patients with Japan Pancreas Society stages III-IV (18 of 27, 66.7%) was significantly higher than in subjects with stages I-II (4 of 18, 22.2%) (p<0.01). Patients with resistin-stained tumors had significantly shorter relapsefree survival times (median, 9 months) than patients with negative tumors (median, 18 months) (p<0.05). In addition, multivariate analysis showed that resistin expression was an independent prognostic factor for relapse-free survival of patients with pancreatic ductal adenocarcinoma (p<0.05). These results demonstrate that resistin may influence the progression of pancreatic tumors and may be a useful predictor of relapse-free survival in patients with pancreatic ductal adenocarcinoma.
Introduction
Pancreatic cancer is the most lethal abdominal malignancy, with an annual mortality rate approximating its incidence (1) . Obesity is an independent risk factor for the development and progression of pancreatic cancer (2) . Obese mice developed larger pancreatic tumors, more metastases and showed greater mortality (3) .
During the last two decades, fat tissue has been viewed not only as an energy storage depot but also as an active endocrine organ that secrets a variety of bioactive substances known as adipocytokines (4) . Resistin, an adipocyte-secreted factor, was discovered in 2001 and proposed as a potential link between obesity, insulin resistance and inflammation (5, 6) , the three most significant risk factors for pancreatic cancer (3, 7) . The administration of recombinant resistin to diet-induced and genetically obese mice impaired glucose tolerance (4) . Blocking resistin action improved blood sugar levels in obese mice but impaired glucose tolerance in healthy ones (4) . Moreover, proinflammatory mediators strongly increased the expression of resistin in peripheral blood mononuclear cells, suggesting a role for resistin in the process of inflammation (8) . Silswal et al incubated macrophages with recombinant resistin and found increased production of proinflammatory cytokines TNF-α and IL-12 (9) . However, the association between resistin and pancreatic cancer is still unknown.
In the present study, we determined the expression of resistin in pancreatic ductal adenocarcinoma using immunohistochemical techniques and analyzed its correlation with the clinicopathological features and prognosis. We found that the positive expression of resistin was significantly related to poor differentiation of tumors, advanced Japan Pancreas Society (JPS) stage and short relapse-free survival of the patients. In addition, multivariate analysis showed that resistin expression was an independent prognostic factor for relapse-free survival in patients with pancreatic ductal adenocarcinoma. Immunohistochemistry. Staining for resistin protein was carried out using a rabbit polyclonal anti-resistin antibody (R1779, Sigma, St. Louis, MO, USA). Sections were deparafinized and pretreated with microwaves (15 min at 900 W) for antigen retrieval. Next, the sections were treated with hydrogen peroxide for 5 min to stop endogenous peroxidase activity. Subsequently, these sections were incubated with the primary antibody (diluted to 1:200) at 4˚C overnight and then incubated with a dextran polymer reagent combined with secondary antibodies and peroxidase (K5007, Dako, Denmark) for 2 h at room temperature. 3,3'-Diaminobenzidine (DAB) was used as the chromogen. Phosphate-buffered saline (PBS) was substituted for the primary antibody as a negative control.
Patients and methods

Patients
Evaluation of immunohistochemical staining. Two expert pathologists independently evaluated the results from the immunohistochemical staining without any prior knowledge of patients' clinical data. To evaluate resistin expression, a score was established corresponding to the sum of: a) the percentage of positive cells (0, 0% immunopositive cells; 1, <25% positive cells; 2, 26-50% positive cells; and 3, >50% positive cells); and b) the staining intensity (0, negative; 1, weak; 2, moderate; 3, high). The sum of a+b reached a maximum score at 6. Scores between 0 and 2 were regarded as negative, and scores between 3 and 6 as positive (11) .
Follow-up. The follow-up was performed in our institution on an outpatient basis. Patients were followed up at least quarterly for 2 years, then at least biannually. Recurrence was diagnosed based on computed tomography cross-sectional imaging. The survival times were determined from the day of surgery with follow-up to February 2012 (median follow-up, 22 months). One patient was lost to follow-up 6 months after surgery.
Statistical analysis. All statistical analyses were performed using SPSS version 12.0 for Windows (Chicago, IL, USA). For the statistical analyses, the t-test and Chi-square test were used.
Life-table analyses, according to the Kaplan-Meier method, were performed for overall survival and relapse-free survival. Differences in survival between subgroups were compared with the log-rank test. To define independent risk factors for prognosis, multivariate analysis was performed with a Cox proportional hazards model. P<0.05 was considered to indicate a statistically significant result.
Results
Resistin staining was found in 22 of the 45 tumors (48.9%) analyzed (Fig. 1 ). The patients with positive resistin expression were matched to those with negative expression by age and body mass index (BMI) ( Table I ). The correlation between resistin expression and the clinicopathological features is shown in Table II . Resistin expression was observed in 100% (9 of 9) of poorly differentiated tumors, 39.3% (11 of 28) of moderately differentiated tumors, and 25% (2 of 8) of well-differentiated tumors (p<0.01). The incidence of resistin expression in patients with JPS stages III-IV (66.7%, 18 of 27) was significantly higher than in those with stages I-II (22.2%, 4 of 18) (p<0.01). In addition, resistin expression was more frequent in patients with neural invasion (53.7%, 22 of 41) Table I . Patients with positive resistin expression compared with the subjects with negative expression by age and BMI.
Resistin expression (mean ± SD) than in subjects without neural invasion (0%, 0 of 4), but this difference did not reach statistical significance (p>0.05).
Complete follow-up was available for 97.8% (44 of 45) of patients in this study. The overall survival rate of the entire cohort was 80% at 1 year, 22% at 3 years and 17% at 5 years, with a median survival of 22.0 months [95% confidence interval (CI), 16.4-27.6 months]. The overall survival and relapse-free survival were stratified according to the resistin expression, Table II . Correlation between resistin expression and clinicopathological features. Relapse-free survival curves of patients with pancreatic ductal adenocarcinoma (Kaplan-Meier estimates), grouped according to expression of resistin (positive/negative). Relapse-free survival of resistin-positive patients was shorter than the patients with resistin-negative expression, and there was a statistically significant difference in survival curves between these two groups (p<0.05).
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and the results are shown in Figs. 2 and 3 , respectively. Patients with positive resistin expression had a shorter overall survival (median 16.0 months; 95% CI, 12.9-19.1 months) than the patients with negative resistin expression (median 24.0 months; 95% CI, 11.4-36.6 months). However, Kaplan-Meier curves showed there was no significant correlation between resistin expression and overall survival (p>0.05). Relapse-free survival of patients with resistin-positive expression (median, 9.0 months; 95% CI, 5.6-12.4 months) was also shorter than that of patients with resistin-negative expression (median, 18.0 months; 95% CI 6.0-30.0 months), and there was a statistically significant difference in the survival curves between these two groups (p<0.05). In addition, the multivariate analysis (Cox regression model) clearly demonstrated that resistin expression was an independent prognostic factor for the relapse-free survival of patients with pancreatic ductal adenocarcinoma (p<0.05).
Discussion
The incidence of pancreatic cancer, particularly ductal adenocarcinoma, is increasing in the Western world and China. Due to its poor prognosis, pancreatic cancer has become the most lethal abdominal malignancy with a five-year mortality rate of over 95%, and a median survival rate of 3 to 6 months from diagnosis (1) . Radical resection is the most effective therapy to improve the survival rate of patients with pancreatic cancer (12) . In this paper, the overall survival of the entire cohort who underwent radical surgery was 80% at 1 year, 22% at 3 years and 17% at 5 years, with a median survival of 22 months. These results are similar to those of other studies (12, 13) . The adipocytokine resistin is closely related to obesity, insulin resistance and systemic proinflammatory response (4, 14, 15) , all of which are recognized as significant factors involved in the growth and metastasis of pancreatic cancer (16) (17) (18) . Using a murine model of obesity, Zyromski et al (3) demonstrated that insulin resistance could lead directly to changes in the tumor microenvironment, thereby promoting pancreatic cancer growth and dissemination. Chronic inflammation is known to be one of the causes of cancer development (18) . Proinflammatory stimuli stimulate stromal fibroblasts to produce growth factors, initiate malignant cell growth, inhibit apoptosis, inhibit cytotoxic T-lymphocyte activity, promote angiogenesis, facilitate metastasis and enhance tumor-associated macrophage infiltration (18, 19) . Patients with chronic pancreatitis have a 10-to 20-fold increased risk of developing pancreatic cancer (20) .
To our knowledge, this is the first study to date to evaluate the correlation between the adipocytokine resistin and pancreatic ductal adenocarcinoma. The present study established a strong correlation between resistin expression, poor differentiation of tumors, advanced JPS stage and patient outcome. An independent role of resistin in pancreatic ductal adenocarcinoma progression was confirmed by the Cox multivariate analysis in which positive resistin expression was a significant prognosticator for relapse-free survival. Taken together, these results predict that resistin may influence the progression of pancreatic ductal adenocarcinoma. Consistent with our results, resistin has been shown to play a key role in promoting tumorigenesis in several studies (21, 22) . In choriocarcinoma, resistin may induce the expression of matrix metalloproteinases (MMPs), reduce the synthesis of tissue inhibitors of metalloproteinases (TIMP), and thereby increase the invasiveness of trophoblast-like cells (21) . Resistin has also been shown to induce production of vascular endothelial growth factor receptor (VEGFR) and the formation of endothelial cell tubes, thus facilitating tumorigenesis (22) .
There are several limitations of this study. The number of study subjects was limited and the risk factors of pancreatic cancer such as smoking and history of pancreatitis were not considered. A large-scale prospective study of the precise mechanisms of the association of resistin with pancreatic cancer should be supported in the future.
In conclusion, this study demonstrates that pancreatic cancer patients with resistin-positive expression have a poorer histological grade, a higher advanced stage (JPS stage III-IV) and a shorter relapse-free survival. These results suggest that resistin may influence the progression of pancreatic tumors and may be a good prognostic indicator for relapse-free survival of patients with pancreatic ductal adenocarcinoma.
